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Determining the carbon concentration of semi-insulating CaAs is an important element of quality control for 
producers and users of the material. Recent round-robin testing by Japanese substrate suppliers has been 
aimed at developing a straightforward method for preparing standard samples to ensure greater 
reproducibility across the industry. 
T he carbon concentration in semi-lnsulating (SI) GaAs is one of the most important fat- 
tom in quality control since it affects 
the resistivity of the bulk GaAs and 
donor activation after ion implanta- 
tion. Both of these impact on field 
effect ttansistor (FIX) pammeters. 
Carbon concentmtion is usually 
measured by Fourier Transform 
Infmred Absorption Spectroscopy 
(FIIR).There is, however, uncertainty 
surroundlng these measure ments be- 
tween different groups because of 
differences in instruments, detectors 
and miscellaneous measurement 
conditions. In light of these difBcul- 
ties, the Japan Manufacturers’ Society 
- Compound Semiconductor (JAMS 
CS) has carried out a round-robin test 
to check the reproducibility among 
its nine afflliates.Varlations (standard 
deviation/average, in %) among the 
affiliates in this initial test ranged 
from 10% to 30%, which is not ac- 
ceptable [ 11. As a result another 
round-robin test was implemented 
using standard samples, with this test 
Table 1. Primary standard samples. 
reducing the variation to less than 
10% [2]. Consequendy, the 
Semiconductor Equipment and 
Materials International (SEMI) stan- 
dard using standard samples was ap 
proved 131. JAMS-CS affiliations have 
made additional secondary standard 
samples for lending out and their 
concentrations have been deter- 
mined by round-robin testing using 
primary standard samples. 
Secondary samples 
Ten samples with carbon concentta- 
tions tanging from 1~10’~ to 
1.5~10’~ cni3 were prepared.Five pri- 
mary standanl samples, made by Arai 
et al. [4], were used to determine the 
carbon concentrations of the sec- 
ondary samples (see Table 1). The 
round-tobin test was performed by 
the nine JAMS-CS afEliates listed at the 
end of this article according to the R- 
ported procedums [2]. An outline of 
the test procedure is given below: 
1. Using the primary samples, ab 
sorption coefficient (a) or absorption 
Sample Carbon concelltratlon (10’5 aI+> 
_~. 
1 1.4 
3 1.4 
5 12.0 
7 2.4 
15 3.2 
Prepared by Arai et al. 141. 
~________ 
(cxA) is measured by FI-IR.The con- 
version coefficient is determined by 
linear regression according to the 
following equation: 
[carbon](cni3) = (conversion co 
efficient) x (absorption coefficient 
or absorption) + constant. 
2. The calibration coefficient 
(conversion coefficient) determined 
above gives the carbon concentra- 
tions of the secondary samples by 
applying the following equation for 
the measurement data by ERR: 
[carbon] (cm-S= calibration coef- 
ficient x (absorption coefficient or 
absorption) + constant. 
The values for (correlation fac- 
torQ2 were 0.980-0.999, which are 
fairly good. 
The results of the round-robin 
test for ten samples (Cl-G, Dl-D5) 
are summarized in Table 2; the data 
bracketed by [] exceeded the aver- 
age by f1.5o and were omitted.The 
variations defined by (standaid devi- 
ation/average) were less than 10% 
except for two lowcarbon samples 
and are equivalently small in com- 
parison with the variation of the 
previous round-robin test [2]. 
Measurements at low temperatures 
would be an effective means to im- 
prove the accuracy for lowcarbon 
samples. 
SEMI standard 
The SEMI standard, which utilizes 
the standard samples for determi- 
nation of the carbon concentration 
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Table 2. Results of the round-robin test 
carlxxl collcentlwoll(1o’~ cm+) 
Company Detector CZoraA 
Cl G2 c-3 c4 G5 Dl D2 D-3 lb-4 Is5 
A MCT 1.5 2.0 3.8 5.4 10.9 13.6 6.1 2.4 [1.31 [0.6] a A 
B MCT N.D. 2.1 4.0 5.8 11.9 14.8 6.7 2.9 1.8 N.D. a A 
TGS N.D. il.91 3.8 5.6 11.8 14.5 6.6 2.5 [1.4] N.D. a A 
C MCT 1.1 2.3 4.4 6.0 12.1 14.4 6.7 2.8 1.8 1.2 a 
D MCT 1.2 2.3 4.4 5.9 12.2 16.2 6.6 2.7 1.7 1.1 ClA 
E MCT 1.3 2.3 4.4 5.9 12.2 15.6 7.3 2.9 1.7 1.1 CY. 
F MCT 1.2 2.4 4.4 5.8 11.8 13.8 6.3 2.5 1.7 1.2 a 
G MCT 1.5 2.2 3.5 14.51 9.4 12.7 5.6 2.6 1.7 1.3 ad 
TGS 1.4 2.1 13.21 14.61 l7.91 L9.91 14.71 P.11 1.7 1.3 aA 
H MCT 1.0 2.1 4.2 5.1 12.0 17.0 6.6 2.8 1.7 1.2 a 
TGS 1.1 2.3 4.4 5.9 12.8 15.3 7.2 3.0 1.7 1.4 a 
I MCT 1.1 2.4 [4.9] 6.4 12.7 16.0 7.6 3.0 1.7 1.5 a 
Average 1.24 2.23 4.13 5.78 11.80 14.90 6.66 2.74 1.72 1.26 ~__ ~. _.___-. 
Standard deviation 0.178 0.135 0.333 0.352 0.940 1.270 0.563 0.211 0.042 0.133 
a/Ave (%) 14.4 6.1 8.1 6.1 8.0 8.5 8.5 7.7 2.4 10.6 
in GaAs, was issued in 1997 [3]. A 
brief outline of the method is given 
below; it is simple and easy to apply. 
l.The absorption coefficient (a) 
for the test specimen is measured 
using FlzIR by the affiliate. 
2. p is determined using standard 
samples according to the equation: 
&I = P*ao*h or K,l = P-a,, 
where [C,] = known carbon concen- 
tlation in standaxl samples; a, = ab 
sorption coefficient of standard 
samples; A0 = Full width at half maxi- 
mum (FWHM) of standard samples; p 
= calibration coefficient of each Fz1IR. 
3. The carbon concentl-dtion is 
determined using the equation: 
[C] = p*a*A or [C] = Pea, 
where [C] = carbon concentration 
in test specimen; a =absorption co 
efficient of test specimen; A = 
FWHM of test specimen. 
The SEMI document [3] lists the 
recommended measurement condi- 
tions (Table 3). 
Summary 
In the development of a method for 
determining the carbon concenuation 
in GaAs, the German standards orgy- 
nization, Deutsche Institut fi.ir 
Normung (DIN) [5] has conducted 
some pioneering work which gives 
important guidelines for achieving 
high accuracy results based on de- 
tailed investigation. The SEMI stan- 
dard, meanwhile, offers a very 
practical approach that can easily ob 
tain accurate values by using stan- 
dard samples. This kind of 
approach has already been applied 
in Si manufkturing, where it is able 
to address the issue of the differ- 
ences among spectrometers, as well 
as among the affiliates.The secondary 
standard samples are preserved at 
SEMI Japan and can be lent out 
for determination of the calibration 
coefficient for specific lT-IR spectro- 
meters (for the conditions, see Table 
4). More details are available from 
the listed participants. 
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Table 3. Measurement conditions recommended by the SEMI standard [3]. 
Detector: 
Resolution: 
S/N ratio: 
Wave number range: 
Aperture: 
Apodization function: 
Smoothing: 
Reference: 
Temperature: 
Broadband MCT (or TGS) 
0.5 cm-’ 
>3 
to include 7010-500 cm-’ 
Optimum for each FTIR 
Triangle 
Not applicable 
Air, reference sample 
290-300 K , 
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Table 4. Conditions for borrowers of the secondary standard samples for carbon concentration measurement. 
1. The period for the rental is one month after the sam- 
ple is received by the borrower. 
2. If the borrower desires to extend the rental period the 
rental application must be repeated. 
3. Sample rental is free of charge, but shipping and han- 
dling expenses must be paid by the borrower. 
4. Re-rental of samples to a third party is not permitted. 
5.Ihe borrower may prepare samples for calibration by 
using the borrowed secondary samples. 
6.The borrower may not sell the calibration samples and 
samples prepared using the calibration samples. 
7.‘Ihe borrower is responsible for handling and storage 
of the samples. 
8. If the samples are lost or damaged irretrievably, the 
borrower must pay Y200 000 for each sample. If the 
damage leaves 70% of the centre part of the sample, no 
payment will be required. 
9. No cleaning by the borrower is permitted.The sam- 
ples are cleaned by the lender before shipping under 
standard cleaning procedure. 
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Participants 
The nine participating Japanese 
manufacturers, and their represen- 
tatives were: 
E-mail: Kenji_Ishii@sdk.co.jp. 
A. Matsushlma, Sumitomo Electric 
Industries Ltd; tel: fax: +81-727-72- 
244o,E-mail:dd850158@jnet.sei.co.jp. 
M. Matsui, Sumitomo Metal Mining 
Co Ltd; fax: +81-42831-11%; EmaiL 
Masayoshi_Matsui@el.smm.co.jp. 
R Nakamum, Dowa Mining Co Ltd; 
fax: +81-188-47-1365; 
E-mail: nakamurr@ dowa.co.jp. 
H. Ma&u&&a, Furukawa Electric Co 
Ltd; fax: +81-332863965; 
T. Inada, Hitachi Cable Ltd; fax: +81- 
294426410; E-mail: 
tomoki-inada@cc.hable.co.jp 
H. Yamamoto, Japan Energy Cot-p; 
fax: +81-48-433-445-5400; E-mail: 
hyamamo@jjenergy.co.jp. 
Y. Katauno, Mitsubishi Chemical 
Cot-p; fax: +81-3-3283-4485; 
E-mail: 1503996@ cc.m-kagaku.co.jp. 
K Yamada, Shin-Etsu Handoutai Co 
Ltd; fax: +81-3-3214-0017; E-mail: 
k.yamada@seh.co.jp. 
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Japan 
Hitachi Cable, Ltd. 
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E-mall: atsushi.kiyama@cc.hltachi-cable.co.jp 
